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CROSS-REFERENCE TO OTHER APPLICATIONS 
[0001] This application claims the benefit of U.S. provisional patent application number 60/453,637 
filed on 10 March 2003 and U.S. provisional patent application number 60/517,574 filed on 5 November 
2003. This application is related to U.S. design patent application number 29/177,528 filed on 10 March 

2003. This application is also related to U.S. Patent Application number , Attorney Docket 

number PWRL 1029-3 entitled Modular Shade System, filed on the same day as this application. 



BACKGROUND OF THE INVENTION 
[0002] To improve the quality and economic value of outdoor spaces, it is desirable to develop 
means to provide low-cost, multi-use structures, to facilitate such things as mounting for electricity 
generating PV modules, shade for cars, shade for outdoor activities, agriculture, aquaculture, and to 
15 promote other purposes and events. Ancillary advantages from green roofs, also called vegetative roof 
coverings or eco-roofs, include controlling water runoff and reducing subsequent water pollution from 
buildings, parking lots and other structures. 

[0003] In addition, the economic feasibility of photovoltaic (PV) power systems and the need for 
distributed power generation at the point of use has lead to an increasing world market for grid- 
20 connected PV systems. Many times in areas where PV is most economically attractive, open land for 
PV installation is scarce or nonexistent. There is, therefore, a need to incorporate PV power generating 
systems in urban areas where land is not readily available. Target areas include parking lots, roadways, 
parks, campuses, watersheds, reservoirs, canals, open areas adjacent to buildings, and other open areas. 

25 BRIEF SUMMARY OF THE INVENTION 

[0004] The present invention is directed to a modular shade system with solar tracking panels 
comprising a support surface, a series of generally North-South oriented, spaced apart torque tubes, each 
torque tube having an axis, a series of panels mounted to at least some of the torque tubes to create 
spaced-apart rows of panels along said torque tubes, at least some of the panels being solar collector 

30 panels. The system also includes a shade structure, positioned at a selected location between selected 
ones of the torque tubes and above the support surface so to provide an enhanced shaded region 
thereunder, and a support structure. The support structure includes a first mounting assembly mounting 
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each torque tube above the support surface for rotation about the axis of each said torque tube and a 
second mounting assembly supporting the shade structure at the selected location. The system further 
comprises a tilting assembly selectively rotating each torque tube about its axis. 
[0005] Various features and advantages of the invention will appear from the following description 
5 in which the preferred embodiments have been set forth in detail in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0006] Fig. 1 is a top, a front, left side isometric view of a shade system made according to the 

10 invention in which the top of the system is covered by an array of modular panels; 

[0007] Fig. 2 is an enlarged view of a portion of Fig. 1 illustrating two different modular panels, that 
is a PV panel and a tinted transparent panel, spaced apart from the support structure; 
[0008] Fig. 3 illustrates the structure of Fig. 2 with the modular panels removed leaving the support 
structure, including purlins, transverse beams supporting the purlins and columns supporting the beams; 

15 [0009] Fig. 4 is an enlarged bottom, front, left side isometric view of a portion of the shade system 
of Fig. 1 with the end caps removed to show the Z-cross-sectional shape of the purlins, and showing a 
modular panel and a protective panel spaced apart from the support structure; 

[0010] Fig. 5 is an enlarged end view of the shade system of Fig. 1 illustrating the 1 : 12 inclination of 
the modular panels; 

20 [0011] Fig. 6 is a simplified side view of a light concentrator type of PV panel; 

[0012] Figs. 7 and 8 illustrate alternative embodiments of the support structure of Fig. 5; 

[0013] Fig. 9 illustrates an alternative embodiment of the shade system of Fig. 5; 

[0014] Fig. 10 is an overall view of alternative embodiment of the invention in which tubular purlins 

are used instead of the Z-shaped purlins of Fig. 4; 
25 [0015] Figs. 1 1 and 12 are enlarged views of portions of the embodiment of Fig. 10 illustrating the 

attachment of the PV panels to the purlins; 

[0016] Fig. 13 is a simplified South-facing end view of a modular shade system with solar tracking 
panels made according to the invention; 

[0017] Fig. 14 is a simplified plan view of the system of Fig. 13 showing only some of the rows of 
30 panels for simplicity of illustration; and 

[0018] Fig. 15 shows an alternative embodiment of the shade structure mounting assembly of Figs. 
13 and 14. 
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DESCRIPTION OF THE SPECIFIC EMBODIMENTS 
[0019] Figs. 1-5 illustrate the basic components of shade system 10. Shade system 10 comprises a 
support structure 12, shown best in Figs. 3 and 4, to which an array of modular panels 14 are mounted. 

5 In one embodiment the center row 16 of modular panels 14 are tinted, transparent panels 1 8 provided to 

create an illuminated walkway along the length of shade system 10. The tinting of transparent panels 
. • 18, such as red, also provides a distinctive, aesthetically pleasing aspect to the shade system. In this 
embodiment the remainder of modular panels 14 are PV panels 20 so that shade system also acts as a 
source of electricity. Electricity could be used for a variety of purposes including charging batteries, 

10 creating hydrogen from water, or after being transformed into alternating current, fed into the 
commercial electrical grid. The modular panels 14 could also include to other types of modular 
structures such as planter modules used for growing plants on the top of shade system 10, skylight 
panels, mounting modules for supporting structures such as flags, antennas and cellular repeaters. The 
modular panels 14 could also be phosphorescent to provide passive nighttime illumination. In addition, 

15 modular panels 14 could be illuminated panels for active nighttime illumination beneath shade system 
10. 

[0020] Modular panels 14 may include a number of different structures, including the following: 
water collection containers; space cooling elements comprising at least one of spray misters for 
evaporative cooling, fans, pumps, wetted canvas, water storage containers, tubing, and evaporative 

20 spouts and elements for water collection and drainage. Modular panels 14 may also include modular 
features for multi-functionality and customization such as: acoustical control panels, seating elements, . 
planting elements, playground elements, restroom elements, signage elements, antennae modules, 
payment machines, stage elements, rail transportation elements, fuel cell charging systems, hydrogen 
production devices, hydrogen storage devices, inverters for converting dc to ac electricity, electrical 

25 wireways, and elements which facilitate roller skating, ice skating, car shows, horse riding, housing the 
homeless, farmers markets, soccer matches, tennis matches, concerts, lightshows, fitness, and 
transportation nodes. 

[0021] Support structure 12 includes a series of parallel purlins 22 mounted to and supported by 
transverse beams 24, the beams being supported by vertical columns 26. Purlins 22, in this embodiment, 
30 have holes 28 formed therein to facilitate mounting of panels 14. Support structure 12 is preferably 
designed to orient modular panels 14 at an angle 30 to enhance solar power efficiency and resistance to 
wind uplift, typically a 1-12 slope or 4.76 degrees. 
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[0022] Purlins 22 define a first shading area 3 1 ; see Fig. 1 , vertically beneath the purlins. Area 3 1 
has a length L and a width W. PV panels 20 and transparent panels 1 8 preferably cover at least about 
90% of first shading area 31. In the embodiment of Fig. 1 , 1 00% of first shading area 3 1 is covered by 
transparent panels 18 and PV panels 20. Transparent panels 18, or other light-transmissive panels, may 

5 cover about 0-50% of first shading area 3 1 , and preferably about 5-30% of the first shading area. 

[0023] When modular panels 14 are PV panels 20, a protective panel 32 is preferably used to cover 
the lower surface 34 of the PV panel. This helps prevent against both vandalism and inadvertent damage 
to the PV panels. Protective panel 32 is, in this embodiment, convex when viewed from below. The 
convex design provides high-strength with relatively thin material. Also, protective panel 32 is 

10 perforated, such as to the use of a perforated plastic material or a metal mesh, or is otherwise designed to 
provide ventilation for PV panel 20. In addition, when PV panel 20 is of the type that allows an amount, 
typically a small amount, of light to pass therethrough, making protective panel 32 light-transmissive, 
such as providing perforations or making the panel of light transmitting material, helps to illuminate the 
region beneath shade system 10. Protective panels 32 may be made of, for example, at least one of wire 

15 mesh, sheet metal, perforated sheet metal, plastic, perforated plastic, cement board, perforated cement 
board, and phosphorescent material. Protective panels 32 may also be used when PV panels 20 are used 
in other installations and not part of a shade structure, such as when PV panel 20 is used with a skylight 
in a building roof. 

[0024] The subject invention constitutes a unique structure suitable for carports, pavilions, and other 
20 appropriate situations. The invention be used at gathering places for education, music concerts* farmers' 
markets, shaded parking /walkways. Shaded parking increases the life of the car's finish and reduces 
C02 emissions from the car components breaking down in UV. Also, shaded parking keeps cars cooler 
and more comfortable. Clean, renewable electricity can be created incorporating multiple PV panels 20; 
PV panels 20 can be mountable at an optimal angle for both electrical and wind performance. Shade 
25 system 10 is suitable for many functional uses and the modularity and flexibility of the design allows 
significant customization to fit the needs of many different situations. Special elements allow natural 
lighting of walkways and resistance to breakage by vandalism. The invention provides several 
possibilities: potential H2 fuel station; potential fuel cell distributed generation port; potential use as a 
greenhouse or nursery for plant cultivation; potential used as a platform for tracking photovoltaic 
30 systems. 

[0025] The above disclosed embodiments disclose the use of conventional PV panels 20. If desired, 
PV panels 20 could be of the light concentrator type. Light concentrator types of PV panels 40, see Fig. 
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6, typically have an array of lenses 42 or other light concentrators positioned above the PV substrate 44 
so to increase the intensity of the light received by the PV substrate. This permits the percentage of the 
active, electricity-generating area 46 of the PV substrate to be reduced when compared with non-light- 
concentrator types of PV substrates. This helps to make using more efficient electricity-generating 
5 materials on the PV substrate more cost-effective. 

[0026] Fig. 7 illustrates an alternative embodiment of the support structure illustrated in Fig. 5 in 
- which beams 24A extend much farther to one side of column 26A than the other. Fig. 8 illustrates an 
embodiment in which beams 24B along one row are extended to meet the beams 24B along an adjacent 
row. The embodiment of Fig. 9 illustrates a further embodiment in which beams 24C of two adjacent 
10 rows are joined to one another with the beams angled in a manner so that modular panels 14 along both 
rows are angled downwardly towards the joined, central area of the rows. 

[0027] Fig. 10 illustrates a further embodiment in which the Z-shaped purlins 22, shown best in Fig. 
4, are replaced by tubular purlins 48, in this case square tubular purlins. PV panels 20 are shown 
secured to tubular purlins 48 using U-bolts 50, U-channels 52, nuts 54 and washers 56. Tubular purlins 
15 48 have several advantages. First, tubular purlins 48 may serve as wire conduit to contain the wiring. 
Second, tubular purlins 48 may serve as water conduit for fire protection. Third, tubular purlins 48 are 
not subject to lateral torsional buckling under load. As such they do not generally require lateral bracing, 
so the amount of structural material is reduced, the connection complexity is simplified, and the part 
count is reduced. 

20 [0028] Figs. 13-15 illustrates a further embodiment of the invention. The modular shade system 60 
incorporates rows 62 of tracking solar panels 64 and shade structures 66 located between at least some 
of rows 62. Each row 62 comprises a North Side support 68, a Southside support 70 and a torque tube 
72 extending therebetween. Supports 68, 70 are supported by and extend upwardly from support surface 
71 . Support surface 71 is illustrated as the ground or earth but may be a different type of support 

25 surface, such as the roof of a parking structure or reservoir. Additional supports may be used between 
supports 68, 70. Torque tube 72 is mounted to supports 68, 70 by pivot connectors 74 to permit rows 62 
of solar panels 64 to be pivoted between morning and evening orientations illustrated as the solid line of 
and dashed line orientations in Fig. 13. System 60 also includes a tilting assembly 76. Tilting assembly 
76 includes a driver 78 and a drive element 80 associated with each row 62. Drive element 80 of rows 

30 62 are coupled to one another by a drive element coupler 82. Driver 78 is connected to, in this 
embodiment, the drive element 80 at the end of the East-most row 62 so that actuation of driver 78 
causes each drive element 82 to rotate its associated torque tube 72 about its torque tube axis 84 so that 
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panels 64 for each row 62 pivot in unison. This type of solar tracking arrangement is shown in U.S. 
Patent number 6,050,930 and provisional patent application numbers 60/455,649 and 60/530,384. 
[0029] Modular shade system 60 also includes a shade assembly 86. Shade assembly 86 includes 
the shade structures 66, shade structure support posts 88 supported by and extending upwardly from 
5 support surface 71, and shade structure support bars 90 supported by posts 88. Support bars 90 extend 
in generally East- West directions beneath rows 62 of panels 64 and are used to support shade structures 
# - 66. The combination of shade structures 66 and the adjacent rows 62 of panels 64 create enhanced 
shade regions 92, which may be used for various purposes, including parking stalls. While shade 
structures 87 may be used between each row 62 of panels 64, the additional shading provided by such a 
10 configuration may not be needed or desirable. For example, one or more regions 94 between rows 62 of 
panels 64 may not be provided with shade structure 87 when regions 94 are to be used, for example, as 
traffic lanes or as strips for growing shrubs or trees or other plants. 

[0030] An alternative to use of support bars 90 and support posts 88 is illustrated in Fig. 1 5. Shade 
structure hangars 96 are used to suspend shade structures 87 from torque tubes 72. Hangars 96 includes 
15 a generally horizontal central part 98 and a generally vertical arm 100 at either end of central part 98. 
Each arm 100 includes a bearing 102 which engages torque tube 72 and permits torque tube 72 pivot 
freely about its axis 84 while supporting hangars 96. 

[0031] Modification and variation can be made to the disclosed embodiments without departing 
from the subject of the invention. For example, instead of rows 62 of solar panels 64, other types of 

20 panels, as discussed above, may also be used. One or more rows of stationery, non-tracking panels may 
be used with rows 62 of tracking panels 64. Shade structures 66 may comprise, for example, planted 
areas for living plants to a control water runoff. Torque tubes 72 may have circular, square or other 
regular or irregular cross-sectional shapes. While torque tubes 72 are preferably hollow, they may be 
solid or filled with a different material, such as structural foam. 

25 [0032] Any and all patents, applications, and printed publications referred to above are incorporated 
by reference. 
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